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Low-fat meat products are the major trends in developing healthier meat products. Attention is drawn

Sumy National Agrarian that the animal fat is essential for emulsified meat products to enhance the stability, flavor, cooking yield,
University, Herasyma and texture. The low energy density and healthier ingredients can replace some or all of the fat in emulsified
Kondratiyeva Str., 160, Sumy, meat products according to some studies. As can be noted that compound fat substitutes, such as vegetable
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protein and carrageenan, vegetable oil and vegetable fibre, cellulose, and water, improved texture better
than single fat substitutes. Nevertheless, the character of the emulsified meat product will eventually de-
crease as the amount of animal fat is reduced. Therewith, a little information is available about using
Odessa National Maritime Flammulina velutipes and soybean oil as fat alternatives in the manufacture of chicken meat products. The
University, Mechnikova St., 34, chicken sausage was used as the research object, and Flammulina velutipes and soybean oil were used as
?26éf3§53599_7[1]§r‘;?e79 fat substitutes to study their effects on the quality of the chicken sausage. Chicken meat, salt and sodium
E-mail: eshkina97@gmail.com polyphosphate were used for preparation of the sausages. Firstly, the mushroom and soybean oil were
mixed in a ratio of 1:1.5, replacing the fats of 25 %, 50 %, 75 % and 100 % respectively. Then, cooking
yield, folding test, pH, color, and sensory evaluation were measured. The experimental results showed that
when adding Flammulina velutipes and soybean oil, the cooking yield, pH, L* and b* value were increased;
folding test values for the 75 % and 100 % experimental groups decreased, chicken sausage with 50% fat
replacement had the highest sensory score. In summary, replacing 50% of the fat in chicken sausage with
Flammulina velutipes and soybean oil was optimal. The addition of Flammulina velutipes and soybean oil
increased the brightness and yellowness of the chicken sausages. The low addition of Flammulina velutipes
and soybean oil decreased the redness of the sausage, which increased when Flammulina velutipes and
soybean oil completely replaced the fat Flammulina velutipes and soybean oil compound is a promising fat
substitute in the development of low-fat meat products.

Key words: Flammulina velutipes mushroom, meat, soybean oil, fat substitute, chicken sausage, quality.

Bruiue rpu6a Flammulina velutipes Ta coe€Boi oJii Ik 3aMiHHMKIB KMPY Ha
SIKICTh KYpSIUYMX COCHCOK

T. I. ®orina®, O. 0. Komens, C. M. Cabanaiu

Cymcokutl HayionanvHuil acpapuuii yHieepcumem, m. Cymu, Yxpaina

M’sichi npodykmu 3 HU3LKUM 8MICIOM JCUPY € OCHOBHUMU MPEHOAMU NIO YAC PO3POOKU M SICHUX NPOOYKMIE 01 300P06020 XAPYUYEAHHSL.
Cnio 36epHymu yeazy Ha me, Wo MEAPUHHULL JHCUP HEOOXIOHUI O/l eMYNb2OBAHUX M SCHUX NPOOYKMIE OJist NiOBUWEHHS. CIABIIbHOCI, cMa-
KV, 6UX00Y Ma NOKPAWeHHs. meKcmypu. 32I0HO 3 0esKUMU O0CTIONHCEHHAMU, CUPOBUHA 3 HUSLKOK eHepeemUu4HOI0 YiHHICMIO ma Oinbul Kopuc-
Hi THSPeQIEHMU MOXNCYMb 3aMIHUMU YACMUHY a00 8eCb JHCUP Y eMYIb20SAHUX M ACHUX NPoOyKmax. Bapmo saznauumu, wo maxi 3aminnuxu
JHCUPY, K POCIUHHULL OIIOK | KAPALEHAH, POCIUHHA ONisl | POCIUHHA KIIMKOBUHA, YeNta03d I 600d, OOCUMb CYMMESO NOKPAWYIOMb KOHCUC-
meHyito 2omogozo npodykmy. Kpim mozo, docums Hebazamo ingopmayii wooo euxopucmantns Flammulina velutipes i coegoi onii sax anv-
MEPHAMUBHUX 3AMIHHUKIE JHCUpY NpUu 8UpOOHUYMSI Npooykmie 3 Kypsauoeo m’sca. Kypaui cocucku 6yau 06’ekmom O0ocuiodxceHHs, a
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Flammulina velutipes i cocea onisi suxopucmosyeanucs K 3amMiHHuKy sdcupy. s npueomyeants COCUCOK BUKOPUCIOBYBANU KYPAUe M 5CO,
cinw i nonigpocgham nampiro. Byno eusueno eniug yux KOMNOHEeHMI8 HA AKICHI NOKA3HUKU KypAuux cocucox. Cnouamxy komoOinysanu epubmy
cupoguny ma coesy oxii' y cnisgionowenni 1:1,5, saminueuu socupu 25 %, 50 %, 75 % ma 100 % eionogiono. I[lomim eumiprosanu 6uxio,
mexcmypri noxasvuxu, pH, xonip i cencopui nokasnuxu. Excnepumenmanvhi pesyivmamu nokaszanu, wo npu oodasanui Flammulina
velutipes i coesoi onii 30inbwyanuce 6uxio, snavenus pH, L* i b*; snavenns mexcmyphux nokasnuxie ons 75 % i 100 % excnepumenmans-
HUX 3paskie 3nuzunuca; Kypadi cocucku 3 50 % zaminoro dcupy euasunu Haukpawyi cencopui nokasuuku. 3azanrom, samina 50 % ocupy 6
Kypauux cocucuxax Ha Flammulina velutipes i coegy onito 6yna onmumanenumu. Jfooasanns Flammulina velutipes i coesoi onii’ nocununo
ACKpasicmy i HcosmusHy Kypsauux cocucok. Huszvke oodasannsi Flammulina velutipes i coe€6oi onii 3meHuwuno nouepeoHints Kogobacu, sxe
nocununocs, konu Flammulina velutipes i coesa onis noguicmio saminunu ocup. Flammulina velutipes i cocsa onis € nepcnekmusHum 3amin-

HUKOM JICUPY NpU PO3POOYT HENHCUPHUX M SACHUX NPOOYKIMIG.

Knrwouosi cnosa: cpu6d Flammulina velutipes, m’sico, coesa onis, 3amina dcupy, Kypaui COCUCKU, AKICMb.

Introduction

Meat and meat products are nutritious. Animal fat is
essential for emulsified meat products to enhance the
stability, flavor, cooking yield, and texture (De Carvalho
et al.,, 2020). Nevertheless, animal fat has significant
energy value and is potentially harmful to human health
(Varga-Visi & Toxanbayeva, 2017; Kaynakci & Kili,
2021). One of the major trends in developing healthier
meat products is low-fat meat products (Kumar, 2019).
However, the character of the emulsified meat product
will eventually decrease as the amount of animal fat is
reduced (Zhang et al., 2022).

According to some studies, low energy density and
healthier ingredients can replace some or all of the fat in
emulsified meat products, such as soy protein, collagen,
vegetable oil, pectin, cellulose, Pleurotus eryngii, Agari-
cus bisporus, and so on (Han & Bertram, 2017; Shin et
al., 2020; Zahari et al., 2020; Zhang et al., 2022). There
have been claims that Agaricus bisporus and Pleurotus
ostreatus improved the moisture and dietary fibre level of
low-fat frankfurters (Ceron-Guevara et al., 2020). Agari-
cus bisporus enriched the rheological properties of meat
batter (Nan et al., 2022). Compound fat substitutes, such
as vegetable protein and carrageenan, vegetable oil and
vegetable fibre, cellulose, and water, improved texture
better than single fat substitutes (Zhang et al., 2022).
Whereas, little information is available about using
Flammulina velutipes and soybean oil as fat alternatives
in the manufacture of chicken sausage.

Aim of this research

In this context, the effect of Flammulina velutipes
mushrooms and soybean oil as fat substitutes in the pro-
duction of chicken sausages was investigated by deter-
mining the cooking yield, folding test, pH, color, sensory
qualities of chicken sausage. This study can serve as a
reference for applying Flammulina velutipes and soybean
oil in low-fat chicken sausage.

Materials and methods

Fresh chicken breast meat, pork-back fat, Flammulina
velutipes (Fv) mushroom, sugar, Non-GMO Soybean oil
(SO), white pepper powder, salt, sodium polyphosphate
were obtained from Century Hualian Supermarket,
Hualan Avenue, Xinxiang. Potassium chloride was
analytically pure grade.

Raw material treatment. Fresh /v mushroom were
cleaned under running water when their roots have been
removed. Next, Fv mushroom were dried (40 °C for
25 h), ground and sieved through a 40 mesh sieve. Final-
ly, mushroom powder was sealed in polyethylene plastic
bags and stored in a desiccator. The extra fat and connec-
tive tissue from fresh chicken breasts were removed. Pork
skin, lean meat, and connective tissue were removed from
pork-back fat. After grinding in a grinder with a 6 mm
perforated plate (MM-12, Guangdong, China), chicken
breast meat and pork-back fat were loaded separately into
vacuum bags and then stored at -40 °C.

Preparation of chicken sausage. Chicken breasts and
pork-back fat were thawed in advance. Fv mushroom and
SO were mixed in a ratio of 1:1.5 in advance. According
to the recipe in Table 1, chicken meat, salt, and tripoly-
phosphate were loaded into a chopper for chopping at
1500rpm for 60s and then stayed for 3min. Next, 1/3 of
ice water was added for chopping at 1500rpm for 60s and
then stayed for 3min. Pork-back fat, mixture of FV-
mushroom and soybean oil (FV-SO), sugar, white pepper,
and 1/3 ice water were added for chopping at 1500rpm for
120 s and then stayed for 3min. Finally, the remaining 1/3
of ice water was added for chopping at 3000rpm for 60 s
(Nan et al., 2022). To produce chicken sausage, the
chicken batter was filled into an impermeable cellulose
casing using a stuffer (Model EC-12, Mainca Co., Spain).
After manually twisting and tying the sausage links, the
sausage was stored at 4 °C for 30 min. The sausages were
then cooked for 30 minutes in an 80 °C water bath. Final-
ly, the sausages were chilled in an ice-water bath to a final
temperature of less than 10 °C before being stored over-
night at 4 °C. Each type of sausage was made in three
batches, and three sausages from each batch were chosen
for the next analysis.

Method for determination of cooking yield (CY).
According to the methods of Juhui C. & Hack-Youn K.
(2019) with slight modifications, about 30 g (m;) of raw
chicken was loaded into a centrifuge tube and centrifuged
for 10 min at a centrifugal force of 500 g. The tube was
then placed in a water bath at 80 °C for 30 min and then
removed to obtain cooked chicken batters. The centrifuge
tube was quickly immersed in ice water and cooled for 10
min, then the cooked chicken batters was removed from
the centrifuge tube, and the surface water and grease were
wiped off before measuring the weight of the cooked
chicken batters (m»). The cooking yield was calculated
according to the following formula. The measurement
was carried out three times for every formulation.
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cy =M= 100% (1) in half. They were ranked as follows: (1) finger pressure
m, breaks, (2) immediate cracks when folded in half, (3)
Method of folding test. According to the methods of gradual cracks when folded in half, (4) no cracks visible

Kamani et al. (2019) with slight modifications, a five- aftfer folding in half, and (5) no crac;ks visible afte? folding
point grading scale was used to assess the folding test twice. The measurement was carried out three times for

results. The sausage was cut into 3 mm thick pieces. To every formulation.
examine how they broke, the slices were carefully folded

Table 1
Experimental scheme

Fat replacement /%

Ingredient/g 0 25 50 7 100
Chicken 60 60 60 60 60
Pork-back fat/ g 20 15 10 5 0
FV+ SO 0 2+3 4+6 6+9 8+12
Ice water 20 20 20 20 20
Salt 2 2 2 2 2
Sodium polyphosphate 0.3 0.3 0.3 0.3 0.3
Sugar/g 0.6 0.6 0.6 0.6 0.6
White pepper /g 0.15 0.15 0.15 0.15 0.15

Method for determination of pH. According to the females; ages between 18 and 24) under homogeneous
methods of Nan et al. (2021) with slight modifications, in  daylight at room temperature. Samples were prepared for
a homogenizer (T25, IKA, Germany), 10 g of chicken each panelist and they were asked about their perceptions
sausage and 100 g of 0.1 mol/L potassium chloride solu-  on taste, color, texture, flavor, and overall acceptability.
tion were blended and homogenized for 1 minute at 8,000  This assessment was sensory rated using a nine-point
rpm. The homogenates were filtered using Whatman No.  hedonic scale (Extreme like = 9; Very like = 8; Compara-
4 filter paper (Whatman, Maidstone, England), and a pH tively like = 7; Somewhat like = 6; Neither like nor dis-
meter (Model 340, Mettler-Toledo GmbH Analytical, like = 5: Somewhat dislike = 4; Moderately dislike = 3;
Schwerzenbach, Switzerland) was used to test the pH of  Very dislike = 2; Extremely dislike = 1).
the filtrate. The measurement was carried out three times Statistical analysis. Using IBM SPSS 20.0 statistical
for every formulation. software, the one-way ANOVA and means comparison

Method for determination of color. According to the  test (Duncan) were performed to analyze the effects of the
methods of Zahari et al. (2020) with slight modifications,  various formulations. The significance level was set at
chicken sausage was cut into a cylinder of length 2 cm. The 5 %. Mean and standard deviation were used to express
color of its center part was measured with CR-400 color  the data.
meter, and the L* value (brightness), b* value (yellowness)

and a* value (redness) were recorded. The measurement Results and discussion
was carried out five times for every formulation.
Method of sensory evaluation. According to the Table 2 shows the effects of different amounts of FV-

methods of Wang et al. (2019) with slight modifications, SO on the CY of chicken sausage. As can be seen from
sensory evaluation of the sausages were done by eight Table 2, compared to CK, the CY of chicken sausage
professionally trained college students (four males, four increased significantly when adding FV-SO (P < 0.05).

Table 2
CY of chicken sausage

Fat replacement /% 0 25 50 75 100
CY 90.17 + 0.22¢ 93.95 +0.38d 96.05 + 0.88¢c 97.14 £ 0.02b 97.66 + 0.24a
a—eMeans within a line with different letters are significantly different (P < 0.05)

Meanwhile, T4 had a significantly lower CL (P < Gengcelep, 2018). Meanwhile, the addition of soybean oil
0.05). Cooking yield measured the ability of the system to  improved the emulsification of myofibrils and formed a
bind water and fat after protein denaturation and aggrega-  better network structure, thus locking in more water and
tion. The CY of the sausages increased significantly (P <  fat.

0.05) with the increase in the amount of FV-SO, which Folding test. The elasticity of a texture can be as-
indicated that the addition of FV-SO significantly in- sessed through sensory examination utilizing the folding
creased the ablhty of the protein gel system to bind water test. Table 3 lists the outcomes of the fOlleg test. There
and fat. This may be related to the components of cellu-  were no significant differences between the four experi-
lose, hemicellulose and lignin contained in mushrooms mental groups containing FV-SO (P > 0.05).

that have good oil and water absorption (Kurt &
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Table 3
Result of folding test of chicken sausage

Fat replacement /% 0 25 50 75 100

Folding test value 5+0a 4.67 + 0.58ab 4.67 £ 0.58ab 4.33 +£0.58b 4+ 0b
a—bMeans within a line with different letters are significantly different (P < 0.05)

Folding test values were not significantly different be-  gel strength and folding ability in the final sausage. Over-
tween the samples of 25 % and 50 % and CK (P > 0.05), all, the folding test results revealed that replacement of fat
and were significantly lower in the samples of 75 % and by proper amount of FV-SO maintains the gel elasticity in
100 % than in CK (P < 0.05). Folding ability has a close  the cooked.
connection with the creation of a protein gel network pH. According to Table 4, with the increase in the
during the cooking process. Myofibrillar proteins in meat amount of FV-SO, the pH value of sausage increased
emulsion are responsible for the formation of this network  significantly(P < 0.05), which was agree with Choe et al.
(Zhuang et al., 2017; Wang et al., 2021; Nan et al., 2022).  (2018) who discovered that adding winter mushroom
According to Table 3, excess FV-SO inhibited the for- powder to meat batter increased its pH.
mation of this protein network and significantly decreased

Table 4
pH of chicken sausage

Fat replacement/% 0 25 50 75 100
pH 6.34£0.07¢c 6.32 = 0.08¢c 6.51 £0.05b 6.60 +0.02a 6.62+0.01a
a—c Means within a line with different letters are significantly different (P < 0.05)

This could be because proteins in mushroom powder Color. The color features of meat products are critical
act as a buffer. A higher pH value promoted the develop-  for the product's reception by consumers (Vidal et al.,
ment of meat gels, leading in a better gel structure and  2020). According to Table 5, the addition of FV-SO sig-
stronger gel strength. According to the results of the nificantly increased the L* and b* values of the sausages
aforementioned analysis, adding FV-SO increased the pH  compared to CK, but the L* values gradually decreased
of the sausage, which would be beneficial to improve the and b* values gradually increased as the amount of FV-
gel structure of the sausage. SO increased.

Table 5
Color of chicken sausage

Fat replacement /% L* a* b*
0 79.03 £ 0.54d 2.06 +0.05b 9.04 +0.12d
25 81 £0.5a 1.6 £0.07d 10.94 £ 0.14c
50 79.93 £0.16b 1.88+0.11c 12.33 + 0.34b
75 79.16 £ 0.16¢ 2.25+0.17b 12.58 £0.24b
100 78.42£0.31d 2.66+0.1a 14.38+0.21a

a—d Means within a column with different letters are significantly different (P < 0.05)

The a* values of 25 % and 50 % sausages were signif-  brightness and yellowness of the sausage, and the low
icantly lower compared to CK (P < 0.05). This results addition of FV-SO decreased the redness of the sausage,
might be connected to the FV-SO's unique color, which ~ which increased when FV-SO completely replaced the fat.
may be linked to the color of soybean oil and the different Sensory evaluation. The sensory results of the sau-
solubilities of the pigments in mushrooms in water and  sages are presented in Table 6.
oil. In conclusion, the addition of FV-SO increased the

Table 6
Sensory parameters of chicken sausage

Fat replacement/% Taste Color Texture Flavor Overall acceptability
CK 7.56 £ 0.25b 7.35+0.24a 7.28 £ 0.22b 8.02 £ 0.34b 7.58 £0.41a
25% 8.14+0.22b 6.31+£0.31b 7.34+0.22b 8.15+0.45b 7.67+£0.32a
50 % 8.92 £0.29a 5.24 £0.26¢ 7.83+£0.21a 8.34+£0.14b 8.21 £0.45a
75 % 8.73 £0.24a 432+0.27d 7.24 £ 0.25b 8.72+£0.31ab 7.02+0.21b
100 % 7.59 +£0.33b 3.89 +£0.35d 6.67+0.31c¢ 8.89 +0.35a 6.51 £ 0.42b

a—c Means within a column with different letters are significantly different (P < 0.05)
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The flavors of the sausages with FV-SO all reached a
score of 7 or more, indicating that the consumers liked the
change in flavor induced by the addition of FV-SO, where
the experimental groups of 50 % and 75 % having signifi-
cantly higher flavor values than CK (P < 0.05). The color
score values decreased significantly with the addition of
FV-SO (P < 0.05), where the color scores of 75 % and
100% experimental groups were below 5, indicating that
consumers disliked the color changes induced by the
addition of FV-SO. 50 % experimental group scored sig-
nificantly higher than that of CK on the texture (P < 0.05),
suggesting that the addition of FV-SO in moderation was
beneficial to the structural state of the sausages, which is
in agreement with the results of the folding test of the
present study. The flavor scores of the sausages with FV-
SO did not significantly decrease (P > 0.05) and were all
higher than 8, and the flavor scores of the 100 % experi-
mental group were significantly higher than those of the
CK (P < 0.05), suggesting that consumers liked the flavor
of the sausages with FV-SO. The overall acceptability of
the 25 % and 50 % experimental groups was not signifi-
cantly different from that of the CK (P > 0.05). Taken
together, the 50 % experimental group had significantly
higher flavor and tissue status than CK (P < 0.05), while
its flavor and overall acceptability were not significantly
different from CK (P > 0.05), and although its color score
was significantly lower than that of CK (P < 0.05), it had
reached a score of 5 or more, i.e., acceptable to consum-
ers. Therefore, the 50 % experimental group had the high-
est overall sensory score.

Conclusion

Replacement of fat in chicken sausages with FV-SO
significantly increased CY and pH of sausages, which
will be beneficial to improve the gel structure of the sau-
sage. Replacement of fat by proper amount of FV-SO
maintained the elasticity of the chicken sausage. The
addition of FV-SO increased the brightness and yellow-
ness of the sausage, and the low addition of FV-SO de-
creased the redness of the sausage, which increased when
FV-SO completely replaced the fat. Chicken sausage with
50 % fat replacement with FV-SO had the highest sensory
score.

Prospects for further research. FV-SO is a promising
fat substitute for producing low-fat meat products.

Information on conflict of interest.
There are no any conflicts of interest.
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